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Abstract 

Introduction: In recent years, with the advances in counterfeiting methods, 
counterfeit products have reached the dental market. The purpose of this study was 
to compare the cyclic fatigue resistance of original and counterfeit rotary root canal 
instruments. 

Materials and methods: The cyclic fatigue of original and counterfeit ProTaper 
F2 endodontic instruments was tested (n = 20) in 3 mm radius steel canals with a 
60° angle of curvature. The number of cycles to fracture (NCF) was calculated, and 
the data were subjected to the Student's t-test (a = 0.05). 

Results: The original instruments showed better cyclic fatigue resistance than the 
counterfeit ones (p < .001). The mean NCF was 483 ± 84 for the original files and 
1 86 ± 86 for the counterfeit files. 

Conclusions: The cyclic fatigue resistance of the counterfeit instruments was very 
low. As a result, clinicians should be careful not to purchase counterfeit products. 
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Introduction 

Nickel-titanium (Ni-Ti) rotary instruments were introduced to the dental profession in 
the early 1990s, and today these instruments are commonly used among dentists. Over 
the years, many different rotary Ni-Ti instruments have been marketed. 

It is well-known that the separation of Ni-Ti rotary instruments is a risk to the suc- 
cess of dental treatments [1]. In clinical practice, the fracture of Ni-Ti rotary instru- 
ments occurs via two different mechanisms: torsional fracture and flexural fatigue [2]. 
Torsional fracture occurs when part of the instrument binds to the dentin, while the 
file continues to rotate [3]. However, flexural fatigue fracture of the file occurs when 
the instrument rotates freely in a curvature, generating tension/compression cycles in 
the region of maximum flexure, until fracture occurs [1]. 

In recent years, with the advancement of counterfeiting methods, counterfeit prod- 
ucts have reached the dental market. These imitation medical products present poten- 
tial health risks for patients, because the quality and/or performance of these products 
are largely unknown. From 2001-2009, thirteen counterfeit medical devices were re- 
ported, and four of them were involved in surgical implants and dental filling material 
[4]. However, the performance of any counterfeit endodontic products have not yet 
been investigated. 
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The purpose of this in-vitro study was to compare the cyclic fatigue resistance of 
counterfeit and original rotary files. The null hypothesis is that there is no significant 
difference between counterfeit and original rotary NiTi files with regard to cyclic fa- 
tigue resistance. 

Materials and methods 

The cyclic fatigue of the original Pro Taper Universal files (Dentsply, Maillefer, Ballaigues, 
Switzerland) and counterfeit ones were tested (Figures 1 and 2). Twenty instruments from 
each group were evaluated in air at a temperature of 23°C. An artificial canal was made 
out of a testing block of stainless steel with an inner diameter of 1.5 mm, a 60° angle of 
curvature, and a curvature radius of 3 mm. The canals were covered with glass to prevent 
the instruments from slipping out. The apparatus used in the cyclic fatigue test was 
described previously (5). The insertion depth was standardized to 19 mm for all the 
files. To reduce the friction of the file as it contacted the artificial canal walls, a spe- 
cial oil (WD-40 Company, Milton Keynes, England) was used for lubrication. All the 
instruments were operated with a low- torque motor, 6:1 reduction handpiece (VDW 
Silver; VDW, Munich, Germany) and rotated with Pro Taper Universal F2 files own 
mode (250 rpm and 200 g/cm torque). The instruments were used until fracture oc- 
curred, and the time to fracture was recorded in seconds. The number of cycles to 
fracture (NCF) was calculated using the following formula: 

NCF = time (seconds) to failure x rotational speed / 60 




Figure 2 Stereomicroscopic images of original (a, c, e) and counterfeit (b, d, f) products at 10 X 

(a, b), 25 X (c, d), and 50 X (e, f) magnification. Note that the differences between the files could be seen 
under magnifications. 

\ J 
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The broken instruments were ultrasonically cleaned in alcohol for scanning electron 
microscopy (SEM) examination. To verify the fracture mode, the surface of the frac- 
tured part of the samples from each group was photographed under SEM (Evo LS10; 
Carl Zeiss, Oberkochen, Germany). 

After completing the cyclic fatigue test, the NCF data were subjected to a Shapiro- Wilk 
test to analyze the normality of the continuous variables. Shapiro-Wilk test revealed that 
the distribution of the data (Figure 3) were normal (p > 0.05). The data were then statisti- 
cally analyzed using Students t-test (a = 0.05). 

Results 

The NCFs of the fractured fragments for the groups are presented in Table 1. The ori- 
ginal instruments presented significantly superior cyclic fatigue resistance when com- 
pared to the counterfeit instruments (p < .001). The percentage of standard deviation 
for the counterfeit group was higher than the original file group. 

The SEM images of the original file s fracture surface show the nature of the mechan- 
ical damage of the cyclic fatigue failure. However, the cross section of the counterfeit 
file appeared to be different than the original one (Figure 2). The characteristic surface 
pattern with dimples, and cones produced by ductile rupture were observed at the frac- 
ture plane with (Figure 4e) the ProTaper Universal and (Figure 4j) the counterfeit one. 
Figure 4e,j comparison showed the fracture surface of a counterfeit instrument with 
much shallower dimples, which indicate less plastic deformation. Absence of circular 
abrasion marks on SEM images indicated the flexural fatigue failure. 

Discussion 

In the present study, original and counterfeit rotary Ni-Ti instruments were tested. The 
findings of our study revealed that cyclic fatigue in the instruments, although having 
similar shapes, is quite different, and the quality of the imitation/counterfeit products is 
poor. Thus, the null hypothesis was rejected. The differences between the original and 



Table 1 Comparison of mean NCF values of original and counterfeit files 



Groups 


NCF 


Min-Max 


Original 


483±84 


354-646 


Counterfeit 


186±86 


63-325 
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(See figure on previous page.) 

Figure 4 Representative SEM examination of fractured instruments. Left column (a-e) shows original, 
and right column (f-j) shows counterfeit products of rotary files. First and second line shows low and high 
magnification of lateral view of instruments respectively. The remaining three lines shows fracture surfaces 
of the test instruments. Despite the similarities between instruments, differences in cross sectional design, 
and morphology characteristics of fracture surface could be observed from the SEM images. The 
characteristic surface pattern with dimples, and cones produced by ductile rupture are observed at the 
fracture plane with (e) the ProTaper Universal and (j) the counterfeit one. Figure e/d comparison shows the 
fracture surface of a counterfeit instrument with much shallower dimples, which indicate less plastic 
deformation. Absence of circular abrasion marks indicates the flexural fatigue failure. 



counterfeit instruments in their manufacturing processes and their alloys could have in- 
fluenced the fatigue resistance of the instruments [5], In addition, the cross-sections of 
counterfeit instruments were different from the original ones. Therefore, the results of 
this study could be influenced by the different cross-section [6-8]. The standard devi- 
ation of the counterfeit group was very high, and the NCF was very low for some sam- 
ples, which could indicate unstandardized or substandard manufacturing processes. 

The devices used in dentistry directly affect the health of the patients. These indi- 
viduals rely on dentists to provide the best care possible, and dentists must be able to 
trust the dental materials that they use. In recent years, a number of events have indi- 
cated that unprincipled manufacturers bring either illegal or counterfeit dental mate- 
rials to the medical instrument market [4]. Additionally, there is a surprising lack of 
published information on this subject, possibly due to the difficulties in identifying 
counterfeit products. 

Dentists should purchase safe, original dental products, either directly from the 
manufacturers or through their authorized distributors and dealers. There are several 
ways to identify possibly gray-market, imitation, or counterfeit dental supplies, includ- 
ing unusual low prices, unknown distributor names, and suspicious packaging [9]. 

Conclusion 

Original rotary instruments showed superior cyclic fatigue resistance when compared 
to counterfeit instruments. Clinicians should be careful not to purchase imitation 
dental products. 
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